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0 PharmaceuUcat preparations lor lowering homocysteine levels, containing vitamin B8» fblic add 
and vitamin B12. 



0 Phannaceutical preparations for lowering' blood and tissue levels of homocysteine are disclosed, comprising: 

a) vitamin B6; 

b) folate or a stmabte active metaboTite of folate or a substance which releases folate in vivo; 

c) vitamin 812, with or without intrinsic factor 

and optionally antoxidants. choline and/or betaine. a) and b) are provided in slow release form (2-8 hours) and 
c) is to K)e released immediately (within 20 minutes). 
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The present invention relates to pharmaceutical preparations for lowering levels of homocysteine or for 
the prophylaxis or treatment of elevated levels of homocysteine in patients and for counteracting the 
haimhil effects associated with homocysteine. 

Elevated homocysteine levels can be correlated with some of the principle causes of morbidrty and 

5 mortality in the Western worid. the so<:aIled "Western* (fiseases. including such conditions as myocardial 
and cerebral infarction. Ptgx)cfoig_y ^cular disease is the main sinq te cause of death accounting for ttie 
majority of these deaths (New Eng J Med 1988, 314 : 488). It Is generally agreed that nutritfonal factors 
play an important role in the etiology of this and the other Western diseases. The precise nature of the 
nutritional tetors responsible for these diseases, is difficult to define but it can be stated with certainty that 

10 these are multi-factorial. Briefly, in the affluent Western societies, there is an overconsumption on the one 
hand of niacro nutrients such as proteiris. fats and refined cariMhydrates, which are normally underoon- 
sumed in the Third Worid countries. Due to food refinement and all the other facets of food processing 
necessitated by increased urbanisation in the West, much of the micro-mitrients (vitamihs, minerals) are 
lost This results in a metabolic Imbalance between macro-nutrients (espedally proteins and fats) on the one 

15 hand and the essential micro-nutrients on the ott^er hand which are necessary for the normal metabolism of 
the former. Under these conditions, abnonnal metabolic pathways may be activated leading to the 
production of toxic and harmhil intermediary products which in many cases are the cause of (fisease and 
which nbnnally are not produced at all or only in very smafl quantities. The metabolism of the amino acid 
methionine is a good example, in which case eoccessive quantities of the toxic and unnahiral amino ackJ 

20 homocysteine are produced. 

Elevated homocysteine levels also occur in certain patients due to genetic causes and may also be 
caused by certain drugs, including certain vitamin B6 antagonistic drugs. 

Normally, methionine Is metabolised by the transmethylation and transsuKuration pathways to produce 
cysteine. 

25 Three pathways exist by means of which blood and tissue levels of homocysteine are controlled to 
ensure homocysteine lK)meostasis: 

1. Conversion into cysteine by means of ttie vitamin B6 dependent enzynrw cystathionine ^-synthase 
(CBS) 

2. Remethylation to methionine which requires folate (as substrate) and vitamin B12 as co-factor. 
30 3. Remethylation to methionine in which other methyl donors such as betaine participate. 

Elaborate provision therefore exists in the healthy body to keep homocysteine tovefs in check. The 
reason for this is that honrKxrysteine is a very toxic compound vifhfch in the chronic ^tuation may affect a 
variety of systems and tissues in the txxfy. 

A pathological condition due to one or more of several hereditary enzyme defects wtierein homo- 
35 cysteine levels are at)normally high, is known as homocysleinuria This condition is often associated with 
high blood levels of homocysteine (often 200 u moM or higher) and the associated cflnical defects Include 
the following:- 

I. E)iantegratk»n of the vascular elastk: interna due to binding of homocysteine to allysine residues of 
tropoelastin. 

40 2. Inhibition of the process of polymerisation and cross linking in the fonnation of elastin and collagen. 

3. Hyperplasia of arterial smooth muscle cells and synthesis of extracellular coflective tfesue. 

4. Degradation of vascular glycocalyx and synthesis of extracellular connective tissue. 

5. Pro-tttfombotic effects (activation of Hagemann factor and stimulation of ttiromboxane 2 production by 
platelets). 

45 6. Progressive premature artherosderosis. 

7. Accelerated osteoporosis (Metabolism 1985, 34 : 1073). 

8. Precocious occlusive vascular disease frequentiy manifested dinicalty as myocardial infarction, stroke, 
pulmonary embolism (Am.J.Med.Sc. 1977. 273: 120) and peripheral vascular occlusion. 

9. Abnormafities in eyes, skeletal system, central nervous and vascular systems, 
so 10. Occlusive disease of cerebral, carotid and aorto-iliac vessels. 

II. Occlusion or stenosis of renal arteries which often results in renovascular hypertension. (See for 
example: Metabolism 1985. 34 : 1073. Am J. Med. Sc. 1977, m : 120, Stroke 1984. 15 : 1014, 
Atherosclerosis 1988, 71 : 227. 

12. The sex and age related variations in plasma homocystdne parallel well-established age and sex- 
55 related risk factors in attierosderotic disease. 

H has also been shown In many studies, ttiat whereas lipid levels are not markedly different in coronary 
patients and controls, homocysteine levels are significantfy different. (See for example J Am. CoU. (Cardiol. 
1990.16:1114) 
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tt is therefore now widely accepted that elevated plasma homocysteine is a risk factor independent of 
established risk factors such as cigarette smoking, tiypertension and diabetes for generafised ar- 
teriosclerotic disease (Circulation 1889. 79 : 1 180). 

On the other hand, evidence exists which suggests that B6 deficiency independently of homocysteine 

5 may be a^^^^ffattwf with vascular disease stressing the prime importance of an adequate intracellular B6 
status to prevent these cfiseases. 

It is therefore now accepted in the art that elevated blood levels of homocysteine are highly 
undesirable. Normalisation of such elevated levels of horTU)cystetne therefore constitutes a ttterapeutic goal 
as such without reference to any specific disease entity, possibly causally related to such etevated levels. 

10 Evklenoe is mounting that high cholesterol levels alone are not the risk factor In astherosclerotic 
diseases as was previously beGeved. Before cholesterol contributes to vascular ooduston another form of 
damage occurs which is correlated with high homocysteine levels. Once that damage has occurred the 
beneficial effects of cholesterol-lowering drugs, In particular saK:alled statins become highly questionable, 
pailicularty when viewed in the light of skte effects of such dmgs (raising LPa. decreasing Q10. weakening 

15 the immune system, cataracts. 61 disturt)ances, myositis, myocarditis). Mevertheless, the prejudN» in favour 
of cholesterol depressants has teei\ so strong that these adverse findings have, until now, been fpven 
inadequate coverage in tfie review fiterature. 

The present invention is aimed at counteracting root causes of artherosderotto disease which damage 
the bkxxl vessels t)efore cholesterol becomes a problem. 

20 The clinical conditkm of homocysteinuria, is an inborn error of metabolism which is either caused by an 
enzyme defect in ttie transsuKuration pattiway or a similar defect in ttte S-methyl tetrahydrofolate dependent 
remethylation of homocysteine to methionine. Patients with this disease usually have very high fasting bk)od 
levels of homocysteine (in excess of 200 mtcromolar in homozygotes) and have a limited life expectancy 
due to eaity vascular complk:ations. This rare condition must be clearly distinguished from other milder (but 

25 chronic) forms of homocystetnaemia which may arise from other causes - both external and internal - but 
which are dinkally of much greater importance due to the vastly lugher prevdence thereof. Accordingly, a 
need exists for redudng or preventing not only the extreme elevated homocysteine levels in cases of 
honnocysteinuria. but also the much more moderately elevated homocysteine levels pertaining to homo- 
cysteineaemla. 

30 Inadequate metabolic status individually of vitamin B6. folate and vitamin B12 have been recogrvsed as 
detenminants of heart and peripheral occlusive disease. At the same time, defteienctes findhndualhf) of each 
of these vitamins have also been known to be associated wHh increased homocysteine levels. Thus vitamin 
B6 defident humans have a 43 % reductkm In cystathioitine /^-synthase (CBS) activity and they excrete 
increased quantities of homocysteine in the urine, reflecting the effect of an inadequate B6 slalus on 

35 homocysteine bkxxl levels. A negative correlatton exists between dietary B6 intake and bkxxl k9vels of 
protein txxind homocysteine. 

Similar relatk>nships have been described between 812 and folate levels indivklually on the one hand 
and bkxxl levels of homocysteine on the other hand. These relatkxiships have been described by several 
authors and have been summarised in the following publkattons:- 

40 1. Stroke. 1984, 15: 1012 

2. Metabolism 1984, 34 : 1073 

3. Metabdism 1988. 37 : 175 

4. Scan J ain Lab Invest 1988. 48: 215 . 

5. Atherosclerosis 1988. 71 : 227 
45 8. Circulatton 1990, §1:2004 

The present state of the art knowledge on homocysteine and its involvement in disease is well summarised 
and presented in a recent review artide (J.Lab.Clin Med. 1988, 114 : 473). In the course off own 
investigations Into the relationship between 86. 81 2 and folate metabdic status, homocysteine metabolism 
and occlusive vascular disease, applicant has estabBshed that in addition to the known and published 

50 information on these relatkxiships, certain other aspects - heretoft>re unknown or not appredated or not 
conrectly interpreted - are of prime Importance in connectkm with treatmertt and prevention of homocysteine 
related ocdusive vascular disease. In additkm, by ttie ^didous applicatkxi of these findings, treatment of 
hyperhomocysteineaemia may be appredably fadlitated. 

Regarding tfte treatment and prophylaxis of hypertuxnocysteineaemia, it is krxywn that vitamin 88. 

55 vitamin 812 and fdate play a role in regulating the methionine - homocysteine pattiway and controlling 
levels d homocystdne (David E L Wilken. Nicholas P P Dudman, Hasmostasis 1989; 19 (supplement 1) : 
14 - 23: Per Magna Uetand and Kelga Refsum. J.Lab.ainJMed. November 1989. 473-501. However, it was 
prevmusly not recognised, that many patients devetop hyperhomocysteineaemia not primarily l)ecause of a 
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lack of the relevant vitamins, but often because of absorption problems, especially in the case of vHamtn 
B12. 

Accordingly there is a need for improvement in pharmaceutical compositions for lowering elevated 
homocystetnii levels In plasma and counteracting adverse dinical conditions associated therewith, espe- 
s ciaDy with respect to those patoits in whom elevated plasma homocyst^ne levels are primarily related to 
absorption problems such as occur In many ekterjy patent s. It is preci sely in such patients that the prot)tem 
of hyperhomocysteineaemla wiffT^^pariying vascular pathology is' often a serious one. 

In particular, there is a need to provide pharmaceutical compositions and dosage regimens which 
achieve adequate lowering of plasma homocysteine levels and counteracting adverse clinical conditions 
10 associated therewith in the greatest number of patients suffering from elevated plasma homocysteine levels 
covering substantially all age groups and preferably with relatively low dosages of active ingredients. 

More particularly, there is a need for pharmaceutical compositions and dosage regimens which attain 
the aforegoing with surprisingly low dosage rates of folate as compared.with the prior art 

In the present invention, special provision is made to overcome such prol)lem$. These preferat>ly 
15 include the following galerocal and biocfiemical variations:- 

a) the use of pyrfdoxal instead of pyridoxine as a soun:e of B6 activity; 

b) the galenical presentation of tfie vitarrins concerned in such a form ttiat ttie rate of release of each 
vitamin is compatible with manimim absorpition and utifisation; 

c) the use of transdermal vitamin formulations which allows direct a bsorption through ttie sidn of smaU 
20 quantities over prolonged periods. TMs is accomplished eittier ttirough ttie use of appropriately formu- 
lated vitamin plasters or through tfie use of sub-Gngual tablets. 

Reference is made to applicant's copending patent application entitled 'Compositions for the Treatment 
and Prophylaxis of Metat)Olic Disturtwnces in Infants", doming priority of ZA-PA 82/6989. 

Here pharmaceutical and dietary preparations are disclosed for ttie treatment or prophylaxis of elevated 
25 homocysteine andAor mettiionine levels in the blood of human infants and pattwlogical disturbances 
connected therewitti, said preparation comprising in comt>ination> 

,^,,4 t_yltamin B B^^B^^jor in ttie form of a pharmacauticaOy acceptable add salt, at least in part in ttie 
^m of pyridcttol (PL) or a compound which in vh« readily releases PL wittiout ttie intervention of 
oxidase enzyme or oxygen. 
30 b) folate or a precursor of folate which releases folate in vivo, and 
— C) Vltafftiii b 12. witti or withoutlntrinsic factor. In tt ie following rattos:- 

afr b) Ironi 1 dlSb to 1 i) UUO H 

b):c)from1:1 to50000:1 
The preparations are to be incorporated In infant bone feed mbces. Tliat disclosure, by cross-reference. 
35 forms part of tfie present disclosure. The same appEes to the contents of a study performed on k)ehalf of 
ttie appticant and published after the prfority date hereof in AmJ.Clinical Nutrition (1993). 57. pp 47-53. 

In accordance witti ttie invention there is provided the use in ttie manufacture of a pharmaceutical 
preparation for lowering lev^ homoc ysteine or for ttie prophylaxis or treatment of elevated leve ls of 
tomoc ysteine in a patient of_a comt^riati^ which comprises 
40 a) vitamin 86; 

b) folate or a suitable active metabofite of folate or a substance which releases folate in vhn>: 

c) vitamin 812. witti or wittiout intrinsic factor. 

Thft invmitiftn \v ffrpfiruMfl t? of tot al homocyste in e bJood levels if elevated by any knovwi 

cause, induding genetic cau^ (e.g. e^gyli w. poly morphism) oieis. drugs or dopresseo activity levels of 
45 folats. vitamin 86. vitamin B12 or any combination of ttiese due to whatever cause, pregnancy, chronic 
renal f^lure, psoriasis, occlusive vasdilar disea^ chronic Bver disease, homocysteine-assodated psychiat- 
ric problems. Drugs whidi induce elevated hmnocystoine levels bidude anticonvulsant dmgs. xanttiine 
bronchodilators (e.g. tfieophylline), methotrexate, nitrous oxide, and many ottiers. 

Preferably, in ttie preparation, ttie ingredients a) • c) are present in ttie following ratios by weight 
50 calculated on ttie basis of pure unphosphorylated pyridoxal (PL), pure vitamin 812 and pure fofic add: 

a) :b) from 100:1 to 1:10 and 

b) :c) from 100:1 to 1:50 
The preferred ratios are: 

a):b) from 50:1 to 1:1 .5 
56 b):c)from15:1 to12 
more preferred ratios are:- 

a) :b) from 20:1 to 2.5:1 

b) :c) from 4:1 to 1:1 
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and in particular- 

a) ±)) from 20:1 to 5:1 

b) :c)trom2:1 to 12 

The scope of the invention is intended to indude a phannaceutical preparation as such as aforesaid, 

5 wherein if the preparation is for oral use and any of the vitamin B6 is represented by pyridoxine (PN), such 
PN is formulated in slow-release form. Ihis is particularly advantageous in the context of PN. because of 
tire Bmited capacity of the liver to convert PN into PLP and the resultant risks of excess PN In plasma 
leading to poor utilisation and undesirable entrance of PN into peripheral cells and erythrocytes. 

Pharmaceutical preparations containing the aforesaid active ingredients have been descnl)ed, a]b«t for 

10 totally different purposes and mostty in ratios differing from the aforesaid ratios or at least from the 
preferred or more preferred ratioe. In GB-PS 1201 014 (examples 6 and 7) the ratio of a):b) » 3:1 and that 
of b)x:) = 1000:5. 1^ indication is cfisdosed for these dragees. GB-PS 2254 556, published after the 
priority dale of the present disclosure, also discloses compositions, only some of which contain in 
comtMnation fofic add. vitamin B12. vitamin 86. No distinction is drawn between pyridcodne. pyridoxal and 

IS pyridoxamine. Tfiese compositions are Intended for adolescent girls. GB-PS 149 3993 disdoses composi- 
tions for treating obesity. Pyridoxal is not disclosed. GB-PS 2145 331 disdoses all these inc^ients but in 
quite different ratios and in dosages which are partly too high and partly too low for tiie purposes of ttte 
present invention. GB4>S 2197 587 describes a "blood conditioning tonic* for race horses. Pyridoxal Is not 
dtsdosed. GB-PS 1431 841 (fisdoses preparations for cataract treatment The ratios are <fifferem from those 

20 according to the invention and pyrkfoxal is not disclosed. GB 101 3939 discloses compositions fbr 
paediatric purposes in ratios whnh overlap ttie broadest ratio according to the invention, but the important 
featm that the vitamin B6 must be In ti)e form of pyridoxal or sutaUe precursor thereof is not disdosed. 
This also applies to EP^144051. EP 0121 036 or PCT WO 83/00085. 

Not one of tiie afoTBsakl. references discloses such combinations for the treatment or profihytaxis of 

25 elevated homocyst^ne levels in plasma, or the cnictal role of pyridoxal in that context, which is the only 
useful form which when it enters peripheral cells or erythrocytes is directty converted there into active 
pyridoxal phosphate (PLP). 

It is now realised that such intracellular PLP is ttw sole form in which vitamin B6 controls homocysteine 
levels m plasma. 

so The preparations in accordance wittt the Invention are formulated to provkfe approximaite daily dosages 
as fdlows (4g/d/kg body weight). 





a) Vitamin B6 


b)F6KcAcid 


c) Vitamin 812 


Broadest range 


15-750 


1^150 


1,5-75 


preferred range 


3(M00 


7.5-50 


3-15 


more pr^erred range 


75-250 


10-30 


7-10 


typical example 


150 


15 


7,5 



These dosages may be exceeded somewhat for short durations. e.g. at the t)eginning of tfie treatment. 
Also, where the daily dosages are divided into several dosage units to be administered at different times of 
the day, ttm compositions may differ to provide optimum effect in accordance wHh drcadten variations in 
45 homocysteine production. The latter may fluctuate In a manner depending on time, on meal Intake, its 
quantity and composition. The dosage regimen may be programmed to be optionally adapted to a 
predetermined daily dietary programme. - 

Preferably tiie preparation is formulated to make available to the patient the vitamin B6 and preferably 
also ttie folate over a period of more ttian 1 hour and to make available an effective dosage of the vitamin 
50 B12 in less tfian 1 hour after administration. This feature is considered to contribute materially to tiie 
efficacy of the Invention and is considered to be novel and inventive perse . 

The preparation may be galenjcally fonmulated for parenteral administration, preferably by infuskm or 
by intramuscular injection: The latter form inherentty provkfes fbr a retarded availability of ttie ingredients, 
whteh effect may be further enhanced by depot fdmns of formulation. 
55 Preferat)ly the preparation combines all ttiree esserg al ingredients in a single dosage form, which 
except for very cffastic cases of elevated fiomocysteine levels1si)referebly designed for oral administration. 

However, it is possible wittiin the scope of the invention, to provkle separate ingredients of tfte 
preparation in separate distinctive dosage forms, e.g. capsules, tablets or coated tablets, preferably 
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combined in a stnQle package e.g. a Mister pack or similarly ordered package, designed to fadlHate or 
prescribe to the user the comtrined administration of the dosage units according to a specific dosage 
regimea Such dosage regimen may optionaUy be time programmed, providing for different dosage rates 
during different periods of a course of treatment Packages designed for that purpose are known per se and 
5 require no description. 

Preferably at least the vitamin B6 should be galenk:alty formulated for stow release of the compound 
over a period of not less than 2 hours. Likewise the folate or precursor thereof is preferably so formulated. 

On the other hand, it is preferred for tfte vitamin B12 (with or vnthout intrinsic factor) to be galenically 
formulated for tfie preparation to release an effective dosage, preferably at least 90% of the vitamin B12 
10 (with or without intrinsk: factor) to the patient, more parttoutarly the stomach in less than 1 hour after 
administration. 

The vitamin B6 as such or in the form of pharmaceutically acceptat>le ackl addition salt may be In the 
form of pyridoxine (PN) or its phosphate (PNP). However, for the reasons already stated above, it is 
preferred for the vitamin B6 to be represented at least in part by pyridoxal (PL) or a compound which 
fs readily releases PL in vivo without ttie interventkxi of oxidase or oxygen, because this avoids srtuatkms 
where the normal PN - PL metabofic pathway may be compromised, as may happen e.g. due to genelfc: or 
pattiotogical or drug-induced conditioris. * 

Nevertheless, because most patients, in partk»lar non-infants have a reasonable capacity for utifi^ng 
PN it can be advantageous to emptoy a nMure of PN and PL in the fbttowing ratio:- 
20 PLPNs from 1:10 to 10:1 

preferably from 1.^ to 4:1 

more preferably from 1:6 to 1:1 
e.g. 1:4 

Likewise it is preferred for PL or its precursor to be provkSed in a non-phosphorylated form, to avoid 
25 . situatkms where the dephosphorytation step may be compromised. It is pointed out that only PL is capable 
of passing from the plasma through the cellular memt)ranes into most cells where it is subsequentiy 
converted into pyndoxal phosphate (PLP), the act^e intracellular form of PLP. Also as will be explained 
elsewhere herein, PL itself plays a very active role in certain physiologically important reactions relevant to 
the present invention. For these reasons PL itself is a preferred form of vitamin B6 in the context of the 
so present invention. 

Vitamin B 12 may be used in the form of cyanocobalamin or hydioxycabalamin or both. 

^ "bitrinsk: factor" in this art, in the context of wtamin B12 denotes substances fMtih mfw example in 
nature released tyy the.gastric mucosa of the stomach when functioning normally) wHh which vitamin 812 
forms complexes to facilitata absorption. 
35 Advantageously the vitamin B6 is galenically formulated to be released over a period of 2 to 8 hours, 
whereas the vitamin B12 (with or without intrinsk: factor) is formulated to be released in less than i hour. 
More particularty the vitamin B6 is galenically formulated to t>o released over a period of 2 to 8 hours, 
preferably 3 to 6 hours, more preferatdy 4 to 6 hours and the B12 over a period of 5 - 30 minutes. 

Preferably, the folate as weU Is galenicany fbrmulaled to be released by the compositkm in not less than 
40 2 hours, preferably 2 to 8 hours, more preferably 3 to 6 hours, e.^. 4 to 6 hours. 

The preferred compositions contain vitamin B6 and, preferably folate In a part of the compositkm 
adapted as a stow, timed release composition and containing the vitamin B12 (with or without Intrinsto 
factor) in anottter part adapted for fast release. Examples of such composittons include the following:, 
a) a tiHayered tablet. 

45 b) a coated tableL contairung the vitarnin B12 in a raptoly dissolving coating; or 
c) a pharmaoeuttoal oompositton in granular form, toose or in a capsule. 

Novelty and inventhmness Is claimed to reskto in the feature as such off comtrining folate and vitamin 
B12 in a combtnatton, wherein the former Is galentoally fbmiulaled or adapted to be administered in a stow, 
timed release manner and tfte latter is formulated or adapted for fast release. This feature is considered as 
50 a further aspect of the present invention, to bo applied as such or In combinatton with the remaining 
features of the inventton herein disctosed. 

The manner of putting that aspect of the inventton into effect is as disctosed herein in conjunction with 
tf)e preceding aspects of tite inventton. 

Furthennore. apart from the proven toxtoity of homocysteine, it has In addition now been found that 
55 elevated honwcysteine levels in plasma are also indicathre of free radical activity and of a general vitamin 
deficiency, and notably a deficiency of those vitamins which corrtrol free radicals in plasma Free radicals in 
plasma as such, are a risk factwy. which can t>e associated with serious diseases, notably vascular 
diseases. Accordingly, the inventton preferably provides for tfw co-administratton with the aforesaid 
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substances a) or b) or c) of an antioxidant, nnore particularty d) vitami'n C (ascorbic add or saH thereof) 

and/or e) vitamin E (more particuiaft y in the form of (^tocopherol acetateK and/or g) selenium, preferably 
' as selenised yeast. anS/STflTCDenzfrne QlO. preferably two or more of these together. 

Omiponents d). e).tl) and h) are preferably incorporated in the same pharmaceutical preparation as a) 
5 and/br b) and preferably likewise in a slow^lease form. 

The use of antioxidant vitamins in coml)ln8tlon with folate, more particularly in slow^release form (and 

preferably in combination with vitamin B6 and vitamin B12) for the purpose of counteracting the adverse 

clinical effects associate d with elev ated homocystein le vels, not ably vascular disease is considered novel 

and jny entivB per se. ^ 
YO TTte daily dosage rate in the context of the invention for vitamin CIS preferably from 100 to 120^^ 

preferably 200 to 700, in particular about 500 mg/70kg. and that fo r vitamin E Is preferably 80 to 1000. mor e 

preferably 150 to 600 in particular about 400 mg^kg. Another antioxidant which can be used, preferably in 

addition to either or both of d) and e), is f) ^-carotene, at daily dosage rates of 1 to 20» preferably &-15, e^. 

about 7.0 mQfTCkg. Selenium is used at a dosage rate of 20-400 ng, preferably 100^ ug. e.g. about 200 
;s ug/TOkg and coenzyme Q at a dosage rate of 10-100 n>g. preferably 25-30 mg. say 20 mg/70 kg. 
The ratios of the antioxidants to otfter ingredients may be: 

b) to:d) = r.2000 -1:50, preferably 1:1000 - 1:100. e.g. 1:500 

b) to:e) = 1:1800 - 1:40, preferably 1300-1:90 e.g. 1:400 

b) to:f) = 1K),5 - 1:30. preferably 1:2 - 1:15. e.g. 1:7.5 
20 b) totg) = 1:0.4-1 K),02 preferably 1:50-1:15 e.g. 120 

b) to*>) = 1:100 - 15 preferably 1:50 - 1:15 e.g. 120. 

The scope of the invention also extends to compositions or preparations as afbres^ comprising 

optk)nally choline or betaine or both, and these are preferably fonnulated in stow release form. Chofine is a 

precursor of betaine. These sut>5tances are incorporated to provkle a daily dosage rate of 0,007 - 0,1, 
25 preferably 0.01 -0.05. more preferably 0.014 -0.03 gftl/kg body w^ghte^^ 

g betaine. HC/ combined with 10 mg PN.HC/. The use and advantages of betaine and choline in stow- 

release form are inventive per se. 

By emptoying betaine or cftoline in slow release form tt Is possibto to reduce the dose substantially for 

a given homocysteine-reducing effect. In tfiis manner excessive levels of mettiionine are also counteracted. 
30 At the same time the co-administratton of vitamin 86, preferably PL counteracts excessive fluctuations of 

blood amino ackl levels, lire release characteristics may be similar to those disclosed above for vitamin 86 

and folate, preferably such that 90% are released in 4-6 hre. 

Betaine and/br choline can even substantially replace either or both of vitamin B12 and folate, because 

betaine. like vitamin 812 and folate, promotes the methylation of homocyst^ne. 
35 According to anottier aspect of the invention, provision is made for the appRcation of the active 

ingredients (vitamins) concerned (one or more) by the use of appropriately formulated:- 

1 ) subHingual tablets (especially in the case of coenzyme Q). 

2) piasters designed for skin absorption. 

3) rectal pesaries, 

40 4) suitably formulated gels or ointments, or 

5) suit^ formulated and concentrated solutions (aqueous, non-aqueous) of vitamins applied to the skin 
and/or other suitabto tissues. 

Generally, such preparations are prepared for tfie direct absorption of orie or more of ttiese vitamins 
through various tissues and membranes including the sWn. nasal membranes, sub-lingual membranes, 
45 rectal membranes. 

Preferably also such preparations may contain one or more permeation enhancers such as the mono- 
esters of glycerol which are known for that purpose In the art 

The principto advantage off such parenteral formulations (applying the tenn 'parenteral" in a broad 
sense) is the fact that the inconvenient, unpleasant and often costiy application by means of injections can 
50 t>e avoided. This is of special signiftoance in the case of vitamin 812 and coenzyme Q10. 

tt has also been found necessary to use stdtable vehicles which are adapted to fadlitate and/or control 
thB release of the vitamins for absorption through the tissues concerned. Such preparations may iriclude the 
use of certain gels or suitably formulated tabtots. Since the three vitamins concerned are normally not 
absort)ed at the same rale, in the various systems concerned, it has been found necessary to vary the 
65 relative concentrations of the vitamins in such preparations to altow for even, parallel and protracted 
at>sorption of tfte vitamins.. Alternatively. ar^J preferably, a composite plaster containing 3 zones, each 
k>aded with one of ttie retovant vitamins and each containing its own permeation enhancers may be 
prepared. Because in the case of folate and 86. absorption problems are not so serious as tttose of 812 
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(especially in the aged), this form of parenteral administration is frequently resorted to only in the case of 
B12 and coenzyme QIC. 

According to yet another aspect of the invention, absorption prot)lems (espedaDy with respect to B12 
absorption, e.g. in the ektefty) are overcome by usng the three vHamtns in substantialty differing 
5 concentration ratios in such a manner that the folate and B12 components are presented in higher quantities 
relative to the 86 component (e.g. pyridoxal). The prind^de is ittustrated in the following taK>le. The dosage 
forms in accordance with the invention are to be formulated aocordingly:- 

Table 



Concentration rangga af nvridoml. folate nnd vitamin B12 in pharmactutical 
fonnnlatioiis 



The following quantities refer to one daily dose for an adult patient of 
20 approxifflately 70kg body wdght. (PL^pyridoxal; Fol»foIate; BlZsA^tamin 
B12) Quantities axe given in milligxams per day. 



2S 





* 


PL 


Folate 


B12 


\ 


Formulation 


Range 


Preferred 


Range 


Pxcfeiied 


Range 


Preferred 




type 


mg 


mg 


mg 


mg 


mg 


mg 


35 


NonnalCno 
absorption 


2-5 


5 


0>15 


1.0 


0.1-2 


0.5 


40 


prd>lem) 
















Special (to 


2-50 


5 


2-15 


5 


0.2-5 


1.0 


45 


overoome 
absorption 














50 


problems) 















One of the mechanisms by which homocysteine causes vascular and other organ pathology is bf 
means off oxidative modification of lipoproteins. It is known that homocysteine potentiates the oxidation of 
65 Gpoprotein cholesterol with the formation of oxysterols (Bioch. Biogh. Acta 1987. 917:337) and it is also 
Icnovyn that oxycholesterol is much more atherogenic than dwIesterDl ttseK. 

According to yet another aspect of the invention, provision is made to suppress the homocysteine 
catalyzed oxidation of lipoprotein cholesterol. This may be of benefit to patients with very Mgh homo- 
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cysteine levels (peitiaps due to genetic abnormafities, or for other reasons) in wttom, during treatment, 
tiomocystetne levels decline skwiy to normality over a long period (e.g. weeks). HomocysteineHnduced 
oxidation of ctu)lestarol can be suppressed t>y means of antioxidants (e.g. /J-carotene, vitamin E. vitamin 
^coenzyme O, etc.). in ttiis respect, it has surprisingly been found that pyridoxal (PL) itseH has anti-oxidant 

5 (anti-free radical) activity. Thus when used as provided for in the invention. PL sen^ a variety of purposes 
as outfined atxsve, including that of an anti-oxidant. 

However, particularly in severe cases of homocysteinuria (e.g. due to genetic disorder) it is advanta- 
geous to include one or more powerful anti-oxidants drawn from tfie list of compounds mentioned above. 
In such cases rt may also be necessary to administer choline or betaine as herein provided for. Thus, 

10 according to yet another aspect of the invention, a pharmaceutical formulation comprising vitamm B6 
(preferably at least in part in the form of pyridoxal) folic add and vitamin B12 in combtnatton with one or 
more anti-oxidants is provided for as illustrated in the fbDowing tabia*- 



Coinpoun<^ 


Range 




ForExaiDDle 




(mg> 


(mg) 


B6, preferably as 








Pyridoxai 


2-50 


5-15 


5.0 


FdatB 


0^-15 






VUaiDiiiBU 


oa-5 


o^u 


0.5 


Anti-oxidanta 








fi-caiDteoe 


1-12 


5-15 


7,0 


d-oHooophetol 


10-1000 




^ 500 


accialB 








» Asootbic acid 


30-1000 


100-700 


500 


Coenzyme OlO 


10-100 


15-50 


20 



Is difGereot fianmiladonSv one or nuse of the anti-ooddants aie preferably included 



^ with the first dote compounds. 

All such fomnulailions are preferably formulated in such a manner that both a rapid release phase and a 
retarded release phase is present as previously outlined. The anti-oxidant component(s) may be present in 
50 eittwr phase. 

The pham^aceutical compositions are not only to be used In the treatment of raised homocysteine 
levels induced nutritionally, genetically or as a result of a variety of diseases, t>ut also in those cases where 
the elevated homocysteine levets are drug induced or In combination with a B8 or folate antagonistic dn^, 
which has a tendency to fsisB homocysteine levels. Examples of other situations in which blood homo- 
65 cysteine levels may be elevated are the following: posNncNriopausal women, liver faOure. leukemia, other 
cancers, chronic renal failure. Slow-release formulation of PL prevents excessive 6ver oxidation to the 
biologically inactive pyridoxic acid. 
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01 great importance to tha inventive concept behind ttra phannaceutical compositions in accordance 
vnth ttie invention is inter afia the appreciation of the importance of making available at the correct rate and 
time vitamin BO In the fomi of its vitanrar pyridoxal which compound applicant has ateo surprisingly found to 
be readily iteoibed through tissues other than those in the gastro-intestinal tract Ihe normal source of 

5 vitamin B6 in the pfiarmaceufoal industry is pyridoxine, usually in the form of its hydrochloride. However, if 
pyridoxir)8 is used according to the present invention, it is preferred tf^at it should bo admir^stered in a slow 
release form so designed that the pyridoxine is made available to the plasma sufficiently slowly to prevent 
overloading of the body and permit the rapid and efficient transformation of the PN into PL and hence into 
IntracePular pyridoxal phosphate (PLP). However, for reasons which will become apparent from what Is 

IP described further below. H is preferred to employ at least in part pyridoxal as such as the source of vitamin 
B6 or alternatively, a compound, which'in vivo rapidly releases pyridoxal without the intervention of oxidase 
or oxygen. Further details of suitable sources of pyridoxal are descnt>ed in European patent application no 
90 100834^ and corresponding applications In other countries, which t>y cross-reference tfiereto are to be 
considered as part of the present disclosure. A further advantage of pyridoxal over pyridoxine Is that the 

15 former does not require the Over enzyme systems necessary for the activation of pyridoxine. It therefore has 
dear advantages as a B8 source In non-parenteral administration forms as herein prm^ded for. Applicant 
has surprisingly found, that small quantities of pyridoxal in non^enteral formulations are sufficient to 
provide adequate blood levels when used over long periods of time. This In turn has considerable 
advantages from the galenic point of view in the formidation of such preparations. 

20 It Is an important preferred feature of the invention that the vitamin B6. even if In the fonn of pyridoxal 
or one of its precursors and also folate, if present should be formulated as a slow, timed release 
composition, whereas ttw vitamin B1 2 should be adapted for. Immediate release, especially in parenteral 
formulations. 

The inventive concept is inter alia based on research leading to an improved understanding of how 

25 fluctuations in cystathionine synthase activity represent a ntetabolic adaptation and control mecftanism of 
homocysteine blood levels in response to methionine overload. An Important part of this concept is the 
realisation of the importance of administering vitamin B6 in the correct manner and at such a rate that 
plasma pyridoxal (PL) as distinct from plasr^a pyridoxal phosphate (PLP) levels are optimally maintained. 
The conventional parameter for monitoring ttie vitamin B6 status is to determine plasma PLP . However, it 

30 has surprisingly been found ttiat no clear and reliable correlation Is possible between plasma PLP and 
plasma PL. the ratio of which can vary between very wide Umits. It was found surprisingly ttiat in ttw context 
of controlling homocysteine blood levels one of ttie key factors is.plasma PL (and not PLP). The plasma PL 
dependent conversion of homocyst^ne into cystathk>nine is of particular importance In ttw day to day 
control of bkxxJ homocysteine levels. This reaction is rapidly activated by administering pyridoxal (PL) since 

35 PL is rapidly available intraceltularfy for the formation of the active co-enzyme pyridoxal phosphate (PLP). 
Anotiier control mechanism utifised by ttie body for ttie mainteiiance of low bk)od homocysteine levels is 
increased transaminations of mettitonine away from ttie transsulhiration pattiway. This transamination 
pattiway is not important in ttie normal healthy individual witti nonmal bkx)d homocysteine levels but is 
activated when blood homocysteine levels rise. This patitway is also B6 dependent and again plasma PL Is 

40 an efficient activator of ttiis pathway. Appficant' has demonstrated the dependence of transamination 
enzymes (ALT, AST) on intracellular B6 activity. Thus in the overall metabolic control of bkxxJ homo- 
cysteine levels, plasma PL plays an important role since it Is Involved in different reactions at different sites 
and ttiis effect can be dinteally best utilised by administering B6 In tt)e form of PL especially in ttie case of 
parenteral formulations. This was not previously appreciated, nor was ttie important role of PL specifk:ally 

45 appredated for the stimulation of transamination reactions in general realised. PL as such (as distinct from 
PLP) acts as a co-enzyme for transamination of amino acids. 

An additional kxmus resulting from supplementing plasma PL levels is the beneficial effect thereof on 
raised and distorted blood lipid patterns which greatiy enhance ttte atherogenesis induced and accelerated 
by even mikjiy elevated blood homocysteine levels. A synergistic effect results from controlling bk)od fi^d 

50 and homocysteine levels simultaneously through ttie agency of plasma PL. 

The administration of PL instead of PN also effectively deals witti ttie problem ttiat approximately 20 - 
25% of all patients suffer from a depressed ability to utiHse PN due to genetically induced enzymatic 
polymorphism. 

Apart from its interaction witti homocysteine via lifxd metabolism In this regard, vitamin B8 is desirable 
55 because it also counteracts ttie damaging effects of homocysteine to ttie vascular wall due to its 
involvement as a co-factor for the enzyme which catalyses cross-linking in ttie vascular structural proteins 
Oysyl oxidase). In ttiis respect botti PL and intracellular PLP are directiy involved. Thus ttie ultimate dinwal 
advantages of vitamin B8 in ttie form of PL go beyond control of btood homocysteine homeostasis. 
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Even better effects on 6ptd metabolism are obtained wtran PL is used in a slow release or timed release 
pharmaceutica) fonnulation and/or wtten used in parenteral formulations. Applicant has surpristngty found 
that after bolus oral doses of PU much of tfie administered dose is oxidised to inactive pyridoxic add in the 
6ver but this is^not the case when PL Is given in a timed release formulation or when PL is given in 

5 parenteral or transdermal formulations as herein described. Thus, the efficacy of PL as a drug and for the 
purposes of the present invention is greatly increased by admirtistering it as incficated atiove. In addition, 
small quantities of PL are absorbed twice as fast as pyridoxine by both gastro-intestinal tissues as well as 
other tissues. The prot)lem of fiver oxidation of PL can be further circumvented by selecting a route of 
administration which minimises this problem. Applicant has surprisingly found that PL is readily at)sort»d 

f 0 transdermally as wea as siAHinqually if the vitamin is formulated in the right vehicle. Such formulations also 
have considerable advantages in the case of both vitamin B12 and folate. In the case of vitamin B12, it is 
well known that the requirement of intrinsic factor for adequate absorption after oral administration, 
frequently causes absorption problems, especially in elderly patients. Applicant has surprisingly found that 
small quantities of vitamin B12 are readily absorbed transdermally as well as sut>linqually. in the latter case. 

}$ a rapidly dissolving tablet was found to form a suitable and rapidly absorbed depot under the tongue. Small 
quantities of vitamin 812 are also, readily at>sorbed transdermally from a variety of vehicles. It was also 
found possible to produce both sutHinqual and transdermal formulations from which adequate at>sorption of 
folate takes plaoa In all these parenteral formulafions, the vHanUns are stowty at>sorbed. For this reason, the 
advantages of such parenteral formulations, are only realised wtten they are used over k>ng periods of time. 

20 Furthermore, applk^nt has surprisingly found that for purposes of controlling btood homocysteine 
levels, the comtMnation in accordance with ttie invention of PL, folate and vitamin 812 produces advanta- 
geous effects which go sut)stantially beyond wTiat might be expected from a simple additive effect of the 
action of these drugs. Thus, an unexpected synergism exists wtien vitamin 812. folate and PL are given 
concurrently and tfUs effect can be even greater when the vitamins are given In conjunction with a biok>gk»l 

25 methyl donor such as choline or betaine. This synergism is evidenced by: 

1. Better control of bkxxi homocysteine levels at tower dosage levels of each. 

2. A tendency to restore to normality distorted blood amino add patterns whtoh are sometimes seen 
when betaine is given atone. 

3. In the preserice of both fdate and PL. methionine levels do not rise as much after betaine due to 
30 activatkm of alternative metatwiic pathways. 

4. The presence of PL limits damage to struchiral proteins, especially in the vascular bed. 

5. Climcal tests. (See examples) 

This synergism may hirther be appreciated from the fact that PL stimulates a process which ultimately 
leads to the reduction of the methtontne pool (through conversion of homocyst^ Into cysteine) whereas 

35 both vitamin B12 and folate stimulate processes wtuch do not lead to a reduction of the body's methionine 
pool but mere recycling. The resultant methionine remains available for reconversion into homocysteine. PL 
(In its own right and distinct from PIP) has co^enzyme activity for the enzyme cystathionine, synthase. 
Cystathionine synthase activity can be stimulated in a dose depeHndent manner by intracellular PLP and PL. 
txith of which increase after administration of PL. 

40 Folate increases the demand for intracellular PLP and therefore for extraceUular PL whk:h is the 
immediate source and precursor of intraceltular PLP. This further indicates the necessity of adrrtinlstering 
PL simultaneously with the folate and preferably at proporttonate rates. 

According to one aspect of the Invention, a sub-Cnqual tablet (preferably suitably buffered) is produced 
in such a manner that tf» PL, vitamin 812 and folate components are liberated and absorbed mainly under 

45 the tongue. Such a tablet can also be formulated to contain alt or any one of the three vitamins for use 
where patient problems are related to only one of these vitamins. A typical example wuW be the treatment 
of raised homocysteine bkxxl levels and/or psyduatric problems with or without anaemia in the ekJerty 
arising from a chronk: 812 defteiency. (rJew Engl. J. Med. 1988, 318:1720). The use of such a sub-llnqual 
812 tablet, is particularly effective and useful in the eklerty with a defidency of intrinsic factor since the use 

50 of sud) a tablet obviates the use of repeated vitamin 812 injecttons. Sublingual tablets of Q10 are also an 
effective vehide for administering coenzyme Q10 for the purposes of the present invention. 

According to another aspect of the inventkm, a plaster containing PL^ vitamin 812 and folate in a 
suitable carrier for transdermal absorption is produced. The rate of transdermal absorption from such a 
depot, can be further controlled by the appllcalton of suitable pennealton enhancers and suitable memp 

55 branes whfch control the rate of diffusion of the vitamins. Again such a plaster may contain all or any sirigle 
one of the three vitamins arwJ it wouki have the same indk:ations for the treatment of vitamin B12-defident 
ekferty patients as in the example atxyve. However, since the conditions for at)Sorptk)n are different for the 
three vitamins, this form of application is preferred when only one vitamin at a time is to be administered. 
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e^. vitamin B12 for elderly vitamin B12-defictent palients. 

AppGcant has found that PL is more readily at>sort)ed from such parenteral depots than the other two 

vitamins. This method of application has other distinct advantages. In contrasl to PN. PL does not require 

hepatic activafion and the PL entering the circulation from parenteral depots, is Erectly available for 
5 metatxriic use inside ceils. Because hepatic ooddatkm of PL to inactive pyridoxic add is largely prevented in 

tHs manner, it is pos$tl)le to use sntaller doses of PL, with corresponding cost advantages. 

According to another aspect of the invention, a formulation containing vitamin B6 (preferably in the form 

of pyridoocaQ, folate and vitamin B12 is produced in tablet form for oral use, preferably in such a manner 

that the vitamin B12 component is liberated immediately in ttte stomach (preferat)ly within 20 min.) while 
10 the other two components are contained in a timed release matrix in the tablet in such a manner that the 

total dose of PL and folate is fiberated over a period of 2 - 8 hours, preferably 3-6 hours, for example 3 .-4 

hours. 

According to another aspect of ttte invenfon a bHayered tablet is produced in such a nnanner that one 
layer of the tat)let containing tfie B12 component is rapidly dissolved in ttie stomach while the other layer of 
Y5 ttie tablet consists of a timed release ntatrix in such a manner tfmt ttw PL and folate components are 
liberated over a period of 3 - 4 hours as stated atx>ve. Altematively. a tablet may be formulated which is 
coated on the outside with a rapidly dissolving B12 containing layer, such coating covering an inner layer 
consisting Of a timed release matrix containing PL and folate as before. 

In yet another variation of the Invention an effervescent tat)let is composed consisting of betaine. PL, 
20 folate and vitamin B12. Again such a tablet may be bi-layered. one rapidly dissolving layer containing the 
vitamin 812 component, while the other three components are present in timed release granules, incor- 
porated into the second layer. Altematively the latter may be present in the core of such a tablet which 
contains the vitamin B12 component in an outer, rapidly dissolving coating. 

In yet another variation of the invention a powdered mixture (preferably in granulated form) is provided. 
2S consisting of one or more or all of the following ingredients: 

1) Vitamin 812 in the form of ra^Mfty dissolving granules 

2) CMinB or betaine in the form of slowly dissolving granules 

3) PL in the form of slowly disintegrating granules in such a nnanner that the total dose is ia)erated in 4- 
eh. 

30 4) Folate, also in the form of slowly disintegrating granules. . 
5) One or more antioxidants. 
For the optimum use of the invention it is advisable to monitor ttie honnocysteine levels Octal) in human 
plasma. A method developed by the applicant's research team, suitable for ttwt purpose is described in JB 
Ubbink. et alJ. of Chromatography (1991). 565, 441-446. 

35 The general pharmacologies and toxicologies of the individual ingredients of- ttie pharmaceutical 
preparations in accordance with tfie invention are well documented in the art and require no further 
description. The dosage rates in accordance witti ttie invention are below accepted toxidty limits. K is also 
generally accepted ttiat the administrBtion off folate is contraindicated in the event of a depressed vHamIn 
B12 status except if vitamin B12 is effectively supplemented at the same time. 

40 Tbe dlnscal tests hereinafter described reflect In summary the outcome of extensive diiucal experi- 
ments. In these trials the following procedures were fbllowed:- 

a) Alter thorough analysis and statistical evaluation of total blood homocysteine concentrations in 349 
adult Caucasian men the cut-off fimit t>etween the "normal" homocysteine range and elevated homo- 
cysteine levels was set at 16.3 umol/L That cut-off 6nA has been employed fbr all ottier evahiations 

49 herein de$crit)ed. 

b) All homocysteine detenninations were performed by the method of JB Ubbink. et al; J. of Chromatog- 
raphy (1991). 565. 441-446. 

c) In comparative trials all patients were ignored who at the commencement day of the trial already 
showed homocysteine levels below the abovementioned cut-off level. 

60 

Example 1; Results of comparative trials 

Comparative trials were conducted to compare the efficacy of preparations In accordance witti the 
invention witti comparat>le preparations but containing only a single active ingredient and witti placebo. 
S5 The tablets containing only folate (0,65 mg) respectively only vitamin 86 (2,5 mg PL > 7,5 mg PN) 
only were formulated as slow release tak^lets as descrit>ed in Example 3. 

The tablets containing vitamin 812 (20 ug cyanocot»lamine) only were formulated as immediate 
release tablets in the manner described in the same example. 
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The compositions in accordance with the invention tested in this trial had the foDowing compositions:- 
Invention *A": exactly as descritied in Example 2. 

Invention "B*: prepared as described in Bcample 3, however, with the following changes in compo^tion:- 
cyanocotkalamsn 400 ug, foDc acid 1 mg. 

The dosage regimen was 1 tablettoapsule daily, taken in evenings after meals for 42 days, except in the 
case of Invention *B". where the trial was continued for 56 days. 

The fBSutts are summarised in tt» following table A:- 



Composition 


Number of Patients 


Homocysteine levels (u mole// 


Successhd Treatment 






Starling 


42 days 










Mean 




mean 


SD-) 


numtwr 


percentage 


Placebo 


18 


2ai4 


22.41 


28w14 


22.34 


1 


5.5 


812 


16 


26.19 


16.17 


23.56 


14,88 


5 


313 


folate 


16 


29,02 


15.06 


16,89 


735 


10 


62,5 


86 


16 


27;26 


14,95 


24.21 


12,40 


3 


18.8 


Invention 'A' 


18 


33.63 


20.64 


14,881 


634 . 


12-) 


66.7 


Invention "B" 


12 


28^ 


14.64 


11.461 


3.09 


in 


91,7 



1 see further comments 
S standard deviation 



In addition to the results apparent from Table "A* the following important observations and comments 
apply:- 

A) For "successhil treatments'* only those patients were counted whose homocyst^ne levels actually 
dropped below the cut-off level of 16.3 umol/l. Cases where the levels had indeed dropped, but not 
below the cut-off level, were ignored. These cases did, however, have a positive effect on the final (42 
days) mean vahies reflected in the table. 

B) In the case of successhil "single-substance" treatments no marginal cases were observed, for which 
one might have expected a further substantial improvenwnt after prolonged treatment beyond 42 days. 

C) In the case of Invention "A* (containing a relatively low concentration of active B12 and no pyridoxal) 
the rate of improvemem in some patents was sSghtly slower than in the case of Invent 

patients had shown such dear (and still progressing) improvement that, by extrapolation the number of 
successhil treatments would undoubtedly have risen to 15 if the treatment had been continued for a 
further 2-3 weelcs. By such extrapolalion the percentage of stiocesshjl treatment for Invention "A* 
increases to 83,3%. 

D) In the case of Invention "B" the trial was in fact continued for a hwttver 14 days, following which the 
only remaining patient whose homocysteine level had after 42 days dropped to Just above the cut-off 
level also qualified as a completely successhil treatment, having now attained a very satisfactory level of 
12.74 u moVI. After 56 days the success rate for Invention "B* thus amounted to a remaricable 100%. 
The final mean homocysteine level vras 10,89 with a standard deviation of only 2.89. 

E) The doubling of the dosage rate after 6 weeks produced so little effect on average plasma 
homocysteine levels that it can be concluded that on average the dosage rate initially selected was quite 
satisfactory. 

F) After only 2 weeks on preparations according to the invention, average plasma homocystein levels 
were already 37.7% down. 

Table "B" shows how plasma levels of vitamins and homocysteine changed over 8 weeks of treatment 
with "Invention B". 
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TABLE B 



Effect of vitamin supptementation on plasma levels of Itomocysteiiie, cot>atemin, pyfidoxal6*-pli05phate 

and folate 


Group 


Plasma Parameter 


Treatment period (weeks) 






0 


2 


4 


6 


8 


P 
V 


PLP (nmol/L) 


44.5(23.6) 
39.9(23.0) 


433(19.6) 
154.4(62.1) 


42.2(21.7) 
157.0(72.4) 


41.3(19.4) 
•157.1(69.0) 


45.4(26.8) 
•297.3(114.3) 


P 
V 


oot)alamin (pmot/L) 


215.7(91.3) 
220.3(74.4) 


213.1(110.1) 
^3135(99.0) 


227.8(123w8) 
^331^110.0) 


241.1(126.5) 
♦335.5(111.7) 


196.3(77^ 
•37a2(133.0) 


p 

V 


Folate (nmoVL) 


6.2(4.3) 
5.6(3.3) 


5.8(3.4) 
^20.6(15.6) 


7.1(5.1) 
•27.4(13.8) 


a3(6.6) 
♦23.6(14.6) 


6J2(3.1) 
•39.3(213) 


p 

V 


Homocysteine (umoi/L) 


24.(K11.3) 
2a6(152) 


24.0(12.^ 
iai(9^) 


25.2(13.0) 
♦14.1(4.7) 


22.1(a5) 
"tl.502) 


223(9.6) 
103(3.0) 


Group P received placebo, while group V received a vitamin supplement Vitamin and placebo doses 
were doubled after 6 weelcs. TTte p-values refer to comparisons between tt» groups P and V for each 
parameter respectively. Results are expressed as mean (SD), 



•p < 0.001 
♦p < 0.05 



The following is a summary of the results of the study in the group as a whole in relation to single 

vitamin levels: 

Average plasma homocysteine (whole group, n = 44) 26. 3nmol// 

All 3 vitamins defident (n»3); average plasma homocysteine: 51.5 nmol// 

Goncentrafion of all 3 vitamins "normal* (n=7); average plasma homocysteine 183 nmol//. 

Only folate deficient (n"12); average plasma homocysteine 27.7 nmoU/ 

Only vitamin 812 deficient (nB4); average plasma homocysteine 26,4 nmoV/ 

Only vitamin 86 deficient none 

Prevalence of vitamin deficiency in hyperhomocysteinemics (defined as plasma homocysteine >183 limoV* 



TABLEC 





86 


812 


folate 


Cutl-cff point 

Prevalence of deficiency % 


30umol// 
25 


200pmol/ 
563 


59.1 



Example 2 

The following is the composition of Invention "A" as used in the trials of Example 1 . 
Gela^ capsules, filled with a granulate, formulated for timed release (over about 8 hours) in a manner 
known per se. contained per capsule:- 
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10 



15 



20 



25 



Exampt8 3 
Ingredients 



Pyridoxine 


lOmg 


tMamine 


3mg 


riboftavine 


4mg 


niccytinamide 


20 mg 


cyanocobalamine 


50 ug 


ascorbic add 


200 mg 


folic add 


1 mg 


caldum panthothenate 


10 mg. 



A. BaiBsLiBl&BfiJiatB 

Cyanocohfltoinin 
BetarCarotene 
Microcrystalline cellulose 
MagDeshun irfcarate 



m g per tabte 

0,02 
3.0 
151.3 
0.7 



30 



B. Slow release laver 



40 



PyridoExal (as hydiochloride) 
Pyridoxiiie (as hydiodiloride) 
Folic add 

Caldum hydrogen j^o^diate 
Acrylic resins 
Ethyl cdlulose 
Povidone 

K^a g^y<^ ^yin steaialc 



2^ 
7,5 
0,650 
120,0 
8,0 
3,0 
2,5 
2,7 



so Method 



ss 



A. Rapid release layer 

1. Triturate ttw cyanocobalamin wMt some of the microcystanine cellulose. 

2. Blend in the Beta-Carotene and the balance of the microcrystalline cenulose. 

3. Lubricate the powder with magnesiuni stoarato. 
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B, Stow release layer 

1 . Blend the ingredients and granulata with Povktone/alcohol. 

2. Dry the granules in an oven. 

5 3. Sift the dried granules and lut)ricate with magnesium stearate. 

C. TabiettinQ 

1. Compress the tablets in a double-layer press, 
fo The tablets of Invention "B* in Example 1 were made in accordance with the method described above, 
alb^ with a different ratio of active ingredients as explained in Example 1. 
Dosage: 1 tablet per day. evenings after meals. 

In severe cases the dosage may be increased. 

16 Example 4 

Stow release betatne tat^ets 

Tablets with su$tained release properties with the following composition were preferred:- 

20 



Pertabtot 


Pyiidoxa] (as hydrochloride) 


2,5 mg 


Pyridcodne (as hydrochloride) 


2^mg 


Foficadd 


0,5 mg 


Betaine hydrate 


0.5 g 


Calcium hydrogen phosphate 


140,0 mg 


Acrylic resins 


20,0 mg 


Ethyl cellulose 


15.0 mg 


Povidone 


10,0 mg 


Magnesium stearate 


4,0 mg. 



1. Blend the ingredients and granulate with povidone^alcohol. 

2. Dry the granules in an oven. 

3. Silt the dried granules and lubricate witti magnesium stearate. 

4. Compress the tablets in the usual manner. 

5. Rnally. sugar coat the tablets in such a manner that each tablet contains in the sugar layer 0,25 mg of 
cyanocot>alamin. 

Dosage : 2-6 tablets daily. 

This formulation Is intended mainly for patients who respond inadequately to the fbmnilations of 
examples 1*3. 



Example 5 

^ Irqectable solutions 

One dosage unit of injectable solution contains 1000 ug hydroxycobalamin. 1100 ug fblic add and 5.0 
mg pyridcodne, dissolved in salirte for intramuscular injection. 

The daily dosage is 1 to 5 dosage units, preferably spread evenly over the day. 
^ The saine composition can also be administered, suitably dnuted by infus^ 

Examples 

A suitably buffered and stabilised iniectable solution containing tiie following ingredients per dosage unit 
is prepared:- 
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Hydroxycobalamine 


1000 ug 


Folic acid 


1100 ug 


Pyridoxal 


5mg 



5 

Tho solution can also be prepared in a vehicle which retards at)8orption according to methods known in 
theart 

TTw dosage and administration is as in Example 5. 
10 Example 7 

Dual layer tak>lets are prepared as in Example 3 wherein the rapid release layer contains per dosage 
unit 400 ug cyanocobalamin and the slow-rlease layer contains:- 



PN.HC/ 


12.4 mg 


folic add 


1 mg 


asoofbic acid 


500 mg 


dm-tocopherol acetate 


400 mg. 



20 

The recommended daily dosage per day/70 kg is: 
Example 8 

25 A further dinteal trial was conducted to compare the effect of a compositkm acx)Ofding to the invention 
with that of the individual vitamins (B8. B12 and folate) on plasma homocysteine levels in randomised 
groups of patients with hypertK>mocystelnemia. 

100 patients with elevated plasma homocysteine (>1 6.3 umol//; were divided into 5 groups:- 



GROUP 


SUPPLEMEMT 


A 


Placebo 


B 


B12(0,4mg) 


C 


Pyrldoxirw 8mg 


Total 




Pyridoxal 2mg 


BOIOmg 


D 


Folate 0,65mg 


E 


Invention (the combination B-^c+D) 



40 

The preparatton according to the Invention was formulated as folk>ws (per oral dosage unit):- 



a) 


P) 


pyridoxal 


2mg 




pi) 


pyrldoodne 


B fng: f») f") = 10 mg 


b) 




folate 


0.65 mg 


c) 




cyanocobalamin 


0.4 mg. 



50 The preparation according the inventkm was formulated as a muHi^ihase, controlled release fomiulation 
with a) and b) contained in a stow^release matrix ^0% in 4^ his) and c) in immediate release form (<30 
min.). Ukewise. the formulations for groups B. C and D were fbnnulated wHh the contents for the Individual 
vHamins and with release characteristks as in the formulafion for group E. 

The following is a summary of results at the beginning of the trial and after 3 weeks. (Results shown 

55 only of 78 pabents who completed the trial.) 
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RESULTS 





Plac8t)o(nsl6) 


B12(n = 15) 


B6(n = 17) 


folate (n = 19) 


Invention (n = 11) 


P'HCT) (befoiB) 


25.6 


23.5 


29.8 


28,7 


27,6 


P-HC (after) 


26 


21.6 


28,7 


16,4 


12.1 


%change 


+ 1.5 


-e.1 


-3,7 


-42.3 


-56.2 


P 


NS 


NS 


NS 


<0.001 


<0.001 


%pati8nts 


1/16 


3^15 


3/17 


11/19 


10/11 


normafised 


6.3% 


20% 


17.6% 


58% 


91% •) 



100 hypertwmocysteinemlcs (P-HC>16.3 umol/Q 

*) reduced 100% 

T Piasma homocysteine 

fS 

regards the results obtained in connection with tfie composition in accordance with the invention, it 
is important to note that all patients responded very favourably to the treatment and that the single patient 
who. after 6 weeks had not yet reached a "normal" homocysteine level, had very nearly reached that level 
and vfouM probably have reached the "normal" level If the trial had been extended over a sUghtly longer 
20 period. 

The results are also ^aphtcalty represented In Fig. 1 of tfie drawings. 
The results lead to the foRownng conclusions:- 
Neither vitamin B12 nor vitamin B6 alone achieved significant effects when taking each group as a whole. 
However, within each group there were atwut 20% that dkl respond. 
25 The composition according to the inventkm is nearly twice as effecth^ as folate atone. This indicates a 
significantty more than a purely additive effect of the three component oombinalkm (syner^sm). 

The trial groups represented an average populatton age. Separate tests fiave already indicated tfiat. had 
the average age been higher, ttta effect of vitamin B12 would probably have been greater. Thus one 
inventive aspect of this disclosure resides in the clear recognition that different age groups have different 
3Q requirenrtents for the three individual vitamins in relation to their effects on plasma honnocyst^ne. thus again 
demonstrating the advantage of the comt>ined use of the three vitamins. 

Separate tests have also indicated that in petienls. partk»larly younger patients having unusually hi^ 
plasma homocysteine levels, the probability of a vitamin 86 defiency is higher than average. This provides 
additional support for the inclusion of 86 supplementation. AppHcant has established that about 20% of an 
35 average population suffer from a genetically reduced atMTity to convert pyridoxine into pyridoxal arKj hence 
into intracellular pyridoxal phosphate (the only active form of vitamin B6). This genetic defiency Is 
counteracted by supplying part of the vitamin B6 in the form of pyridoxal. Particularly in younger patients 
with such genetic vitamin 86 defect, the pyridoxal supplementation is more important than appears from the 
average results. 

40 The tests show that (in contrast to prk>r art reports teaching the use of folate atone at levels 5 to 20 
times higher tiian in the present trials), nearty 50% of patients do not respond sufftdentty to folate alone 
and 10-20% do not respond to folate atone at alt. (not even if the folate dosage rate Is greatty increased). 
By way of contrast, the comkMnation in accordance with the invention, using very tow folate concentrations, 
achieved ctose on 100% success. 

45 A comparison of the results of the present trial vrith those of the trial according to Exampto 1 shows 
that. In the combination of vitamin 86, vitamin 812 and fblate it was possibto to reduce the lolata dosage 
rate significantly without loss of efficacy. 

Claims 

so 

1. The use in the manufacture of a pharmaceutical preparation for towering levels of homocysteine or for 
the prophylaxis or treatment of elevated levels of homocysteine or of cfimcal concfitions associated 
therewith in a patient of a combination comprising 
a) vitamin 86; 

65 b) folate or a suitabto active metabolite of folate or a substance which releasas folate in vivo; 

c) vitamin 812. with or without intrinsto factor. 
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2. A phannaceutical preparBtion which comprises in combination, each in a concentration and fomi 
effective to suppress homocysteine levels in plasma 

a) vitamin B6; 

b) fcdate or a suitable active metabolite of folate or a substance which releases folate In vivo; 
5 c) vitamin B12. with or without intrinsic factor, 

and wherein, if the preparation is for oral use and any of the vitamin B8 is represented by pyridoxine 
(Pt^. such PN is formulated in slow^release fbrni. and wherein the ingredients a) - c) are present In the 
' following ratios by weight 
ayb) from 100:1 to 1:10 and 
10 b)x) from 100:1 to 1:50. 

a A lise as claimed in daim 1, characterised in that, in the preparation the Ingredients a) - c) are present 
In the following ratios by weight calculated on the basis of pure unphosphorylated pyridoxal (PL), pure 
vitamin B12 and pure folic acid: 
rs a):b) from 100:1 to 1:10 and 
b):c) from 100:1 to 1:50 

4^- The invention as claimed in daim 1 or 2. characterised in that the ratios are: 
a):b) from 50:1 to 1:1 .5 
20 b):c) from 15:1 to 1.2 

5l The invention as claimed in daim 1 or 2, characterised in that the ratios are: 

a) :b) from 20:1 to 2.5:1 

b) x) from 4:1 to 1:1 

29 and in particulan- 

a) :b) from 20:1 to 5:1 

b) x) from 2:1 to 12 

& The invention as claimed in any one of claims 1 to 5. characterised in that the preparation is formulated 

30 to provide approximate dally dosages as fdlows Oig/d/kg body weight): 





a) Vitamin B6 


b) Folic Actd 


c) Vitamin B12 


Broadest range 


15-750 


1,5-150 


1,5-75 


preferred range 


30 - 400 


7,5-50 


3-15 


more preferred range 


75-250 


10-30 


7-10 


typical example 


150 


15 


7,5 



40 

r. The invention as claimed m any one of claims 1 to 6, characterised in that the preparation is formulated 
to make available to the patient ttie vitamin B6 and preferably also the fdate over a period of more than 
1 hour and to make av^lable an effedivB dosage off the vitamin 812 in less than 1 hour after 
45 administration. 

a The Inven&m as claimed In any one of claims 1 to 7, characterised in that the preparation is galenically 
fonnulated for parenteral administraton. preferat>ty by Infu^on or by Intramuscular injection. 

50 a The inventkm as claimed in any one of claims 1 to a characterised in that the preparatkm combines all 
three essential Ingredienls in a single dosage form, preferably designed lor oral adrnlnistration. 

ia The invention as claimed In any one of dalms 1 to a characterised In that separate ingredients of the 
preparation are provided in separate distinctive dosage forms. e.g. capsules, tablets or coated tablets. 
55 preferably combined in a single package e.g. a blister pack or similaily ordered package, designed to 
fadlHate or prescribe to the user ttie combined administration of the dosage units according to a 
specific dosage regimen. 
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11. The invention as claimed in daim 10, characterised in that the dosage regimen is time programmed, 
providing for different dosage rates during (Afferent periods of a course of treatment 

12. The invention as claimed in any one of claims 1 to 11. characterised in that «l least the vitamin B6 is 
formulated for slow release of the compound over a period of not less than 2 hours. 

ia The invention as claimed in daim 12, characterised in that the folate or precursor thereof Is also 
lonnulated for slow release of tiie compound over a period of not less ti>an 2 hours. 

14. The invention as claimed In daim 12 or 13. characterised in ttiat the vitamin B12 (with or without 
intrinsic factor) is galei^ly formulated for the preparation to release the vitamin B12 (wHh or without 
irvirin^ factor) to the patient, more particularly the stomach kt less tiian 1 hour after administration. 

1& The invention as daimed in any one of claims 1 to 14, characterised in that the vitamin B6 Is 
represented at least in part by pyridoxal (PL) or a compound which readily releases PL in wo wittKnit 
the intervention of oxidase or oxygen, and wherein preferably PL or its precursor is provided in a non- 
phosphorylated form. 

ia The invention as claimed in any one of claims 1 to 15, characterised in tiiat vitamin B12 is used in ttie 
form of cyanocobalamin or hydroxycobalamin or both the the vitamin B6 being preferably represented 
by a mixture of PN and PL in the following ratio:- 

PL:PN= from 1:10 to 10:1 

preferably from 1« to 4:1 

more preferably from 1:6 to 1:1 
e^. 1:4 

17. The invention as claimed in any one of claims 1 to 16, wherein ttie vitamin 86 is galenlcally formulated 
for at least 90% to be released over a period of 2 to 8 hours, preferably 3 to 6 hours, more preferably 3 
to 4 hours and ttw B12 over a period of 5 - 30 minutes, whereas the vitamin B12 (witii or witiiout 
intrinsic factor) Is formulated to be released in less ttian k hour. 

ia The invention as claimed in any one of claims 16 or 17, characterised in ttiat the fotate as vreO is 
galendally formulated to be released by tt» composition In not less than 2 hours, preferably 2 to 8 
hours, more preferat)ly 3 to 6 hours, e^. 4 to 6 hours. 

19l The invention as claimed in any one of daims 16 to 18. characterised in tttat ttte composition contains 
vitamin B6 and preferably , also folate In a part of the composition adapted as a slow, timed release 
composition and contairung the vitamin B12 (wHh or wittiout intrinsic factor) in anottier part adapted for 
fest release and wherein preferably the composition is provided as: 

a) a t>Hayered tablet, 

b) a coated tablet, containing ttie vitamin 812 in a rapidly dissdving coating; or 

c) a phannaceutical composition in granular form, loose or in a capsute. 

2a A phannaceutical compo^n comprising fdate and vitamin B12 in a combination, wherein ttie former 
is galenicelly formulated or adapted to be administered in a slow, timed release iT»anner and the latter 
is formulated or adapted for fast release. 

21. The invention as datmed in any one of daims 1 to 20, characterised in ttiat tiie composition or 
preparation in addition comprises choline or betaine or botti, and ttiese are preferably formulated in 
slow release fonn. ttie chdine and/or betaine being preferably incorporated to provide a daily dosage 
rate of 0,01 -0.1 g/d/kg body weight 

22. The invention as d^med in any one of d^ms 1 to 21. characterised in ttmt one or more of the active 
ingredients is fomtulaled for the dired absorption of one or more of tttese vitamins ttvough various 
tissues and membranes induding ttie sWn, nasal membranes, sut>-tingual memtxranes. rectal mem- 
branes, e.g. formulated as 

1) sulHingual tablets, 

^ plasters designed for skin absorption. 
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3) rectal I 

4) suitably formulated gels or dntments* or 

5) suitably fonnulatBd and concentrated solutions (aqueous, non-aqueous) of vitamins applied to ttie 
skin and/or other siritable tissues. 

5 

2a Ttte invention as claimed in any one of claims 1 to 22. ctiaraderised in that the preparation or 
composition In addition comprises one or more anticoddants (e^. ^-carotene, vitamin E, vitamin C, 
coenzyme Q. etc). 

10 24. A plaster containing PU vitamin B12 and folate in a suitable carrier for transdermal absorption. 
2& A transdermal plaster containing pyridoxal as an active ingredient 

26. The invention as claimed in any one of claims 1 to 24. characterised in tfiat betaine and/or choline 
15 wholly or in part replaces vitamin B12 or folate or both. 

27. The invention as claimed in any one of d^ms 17 to 21 . vvherein vitamin B6 is an opSonal Ingrecfient 

28. The invention as claimed in any one of d^dnos 2 and 4 to 27 for lowering levels of homocystdne or for 
20 the prophylaxis or treatment of elevated levels of homocysteine. 
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